SUMMARY A data processing system designed to improve the management and usage of blood and blood products has been developed as a pilot for general application throughout the West Midlands Regional Health Authority.
The need for improvements in the management and usage of blood products has generated interest in the introduction of data processing techniques to hospital blood bank laboratories. In contrast to other branches of pathology where data processing techniques are, in the main, reasonably well established, hospital blood banking has not been given sufficient attention. This omission in a branch of pathology where mistakes in clerical or analytical procedures, or both, can result in the death of the patient is attributable to a number of factors. Relatively low request rates compared with other branches of pathology probably mitigated against development, since clinical laboratory data processing has been largely associated with higher throughput laboratories where greater equipment costs are a more recognised norm. The availability of lower cost computer hardware obviates this problem. In addition, the bar code labelling of blood product information by the transfusion service, together with the availability of reliable bar code readers, are important factors in creating a climate wherein the introduction of data processing now becomes appropriate.
Accepted for publication 20 April 1984 In late 1981 the computer section of the Wolfson Research Laboratories undertook to design and develop a pilot data processing system providing for routine clerical, patient record, and stock management aspects of blood bank laboratory work. The pilot system was to be installed and field tested at Good Hope Hospital, Sutton Coldfield, West Midlands. In order to ensure general applicability of the proposed package, a working party comprising senior representatives of the Regional Blood Transfusion Service, consultant haematologists, and medical laboratory scientific officers actively involved in blood banking was formed to meet regularly with Wolfson Research Laboratory computer staff.
The end user objectives of the system were defined as:
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The system design objectives were defined as: 1 Table and parameter driven software facilitating implementation in differing laboratories. 2 Implementation on low cost hardware as a stand alone multiuser system. 3 Portability-that is, implementable on a family of processors of varying capacity and power, either as a stand alone system or possibly on a shared or bureau basis. 4 Inclusion of light pens as an integral part of the system hardware enabling automatic input of bar coded blood product information.
The second and third system design objectives were at the time (late 1981) the most difficult to meet and it was finally decided that MUMPS provided the most flexible in terms of hardware and software.
MUMPS (Massachusetts Universal MultiProcessing System)' is an interactive multiuser data management system, heavily oriented towards the handling and storage of textual rather than numerical data. Although MUMPS is usually referred to as a language, it is a combination of operating system, language interpreter, and database manager. The operating system is largely transparent to the user; the language approximates to a terse form of BASIC and the database manager effectively allows the user to consider both memory and disk as content address'able storage systems rather than the position addressable concept associated with most other languages. It is this last feature which gives MUMPS great power and flexibility when dealing with cumulative laboratory records of extremely variable length, indexed by several widely differing alphanumeric keys (for example, surname, registration number) and also provides for efficient packing and therefore greater storage of data.
MUMPS provides an interpretive language which facilitates rapid program development and modification. As 4 Eighty column character printer A number of blood transfusion centres in the UK use labels which include bar coded blood product details,5 the code adopted being stardardised as Codabar.6 In order to make entry of stock information as rapid and as accurate as possible, the system has been designed to allow bar code input of such details where these are available.
The bar code readers employed (manufactured by Intermec) operate in line with the RS232 serial link between the processor and each visual display unit. The computer receives data generated by the reader on the same channel as that from the keyboard, so that no additional interfacing and minimal additional software are required to implement bar code input.
Facilities provided by the package may conveniently be described under three main headings: (a) system definition; (b) stock management; and (c) request management.
System definition
The flexibility afforded by the system's table and parameter driven software requires new users to specify numerous details of required operation within their environment. Considerable thought must be given to this process before attempting to set up a system via the interactive visual display unit routines provided.
The more important parameters that must be defined to the system are now described. 
WORKSHEET/LISTS
Users are required to specify worksheet structures characterising batches in which work will be processed. A maximum batch size must also be specified. Quality control samples may be specified for automatic inclusion at specified points within worksheet batches. Elections made at this stage may be altered at worksheet generation to meet actual or emergency requirements, or both. For each quality control sample defined for a worksheet a quality control reference number and name must be defined together with an expected result (+ or -) for each test included. If no quality control check is required as part of result authorisation for a particular test, then this may be specified.
A series of flags is used to specify aspects of system operation-for example, (a) print formats for The length of time that patient data (including results) and stock data are retained must be defined and specific patient subpopulations identified for longer or shorter retention. Similarly, subpopulations for which statistical data accumulation is required must be specified. If these are not set up then only general monthly statistics will be accumulated-that is, the number of requests and test sets processed, the number of units processed, the number of units crossmatched, and so on. In both cases subpopulations may be identified on the basis of blood group, consultant, general practitioner, surgical procedure, diagnosis, location, and special interest flag.
The time required accurately to define laboratory practices, protocols, and so on to the system should not be underestimated. It is an unavoidable overhead accruing to flexible generalised software packages. It is unlikely, however, that a laboratory would ever need to repeat the exercise completely once it was successfully accomplished, and users may be comforted by the prospect that it is unlikely that future changes, modifications, and extensions to laboratory practice could not be met by redefining parts of the system.
Stock management
If the system is to be effective in the management of resources it is essential that each unit of stock enter- The ability to obtain information on requests received but not yet processed through the laboratory is complemented by the ability to list work already allocated to various work areas and by inquiry procedures, oriented to patient case number and laboratory number, which are described later.
PRELIMINARY RESERVATION OF BLOOD PRODUCTS
The allocation of a request to a worksheet signals the start of request processing both in the analytical and data processing sense. Where blood products are to be reserved against a request, the user may either do this at the conclusion of the worksheet allocation stage (in which case relevant unit numbers will appear on crossmatch worksheets), or may delay this preliminary reservation until a later stage. If this latter course is taken then crossmatch worksheets will merely refer to bag numbers 1-N depending on number of units requested. Irrespective of the stage that a preliminary reservation is made, the user may reserve more or fewer units than originally requested.
To effect a preliminary reservation the unit number of the product is entered, preferably by reading the bar coded unit number label, although keyboard entry is allowed. The system displays all available products with this unit number and the user must select the one to be reserved. A product will not be reserved by the system if it is already reserved for another patient or will expire before the date it is required for use.
The product type and the blood group of the unit reserved are compared with the product type requested and the patient blood group, respectively. A warning message is displayed if any discrepancies are found and the user is given the choice of accepting or rejecting the unit.
The reservation period is normally set to two days after the date required. This may be changed and a unit can be reserved for a maximum of 99 days from the date required.
A list of units previously crossmatched for a particular patient may be requested. The units listed will be those where a reservation was confirmed and the unit subsequently returned to stock. The user may choose to list only those units still available for reservation.
RESULT ENTRY
Qualitative data, which may only be expressed as +, -, or multiples of the former, are keyed into the system in the sequence defined by the relevant worksheet/list. Entry may be by row-that is, all results for a particular sample, which may be patient or donor-or by column-that is, all results for a particular test. In either mode only the test result actually being input is displayed in order to prevent previously entered results influencing the operator. But patient identity, laboratory number, and other relevant details associated with the data being input are also shown. Results may be edited and comments added at several subsequent stages. Comments may be code or free text, or both, and may be designated for laboratory use only-that is, not to appear on report documents.
AUTHORISATION
Before the generation of patient reports and product labels all result data must be " authorised,"-that is, certified as checked. This may be done only by laboratory staff previously identified to the system as "approved" authorisers. The initials of people authorising results are permanently associated with each set of results within each patient record.
An underlying principle adopted throughout the system development has been that the laboratory worker should not be denied the opportunity to exercise judgement in the prosecution of his or her job. It was considered to be in the interests of all, however, to provide the ability to monitor some aspects of user interaction and to leave it to the discretion of the laboratory director to establish and maintain certain procedures within the laboratory. Where there is a quality control failure the user may override the warning message or may cancel the whole or part of the relevant worksheet and reprocess the specimens in question.
REPORTS AND CROSSMATCH LABELS
Reports and crossmatch labels ( Fig. 3 and 4) for authorised data may be generated at any time, provided that all sets specified for simultaneous report- Fig. 4 Compatibility labels. The various facilities provided by the system are accessed via a series of menus. User definable log in codes allow access to different families of menus; this password concept is designed primarily to separate frequently used routine functions from those used mainly at implementation time, rather than as a security system to prevent unauthorised use. As passwords are not displayed on input and must be allocated during the installation phase, however, it is possible to preclude access to some areas of the system.
The system software is largely self documenting in that informative text may be invoked at the visual display unit at almost every point where input to the system is required. Additionally, code directories may be displayed at relevant points. On call staff and other less frequent users therefore have at their fingertips a substantial quantity of information facilitating their use of the system. A user manual is also available in which emphasis has been placed on guiding the user to tailor the package to individual requirements.
Conclusion
The software package that has been developed provides a data processing environment designed to meet end user objectives specified for the system. The degree to which these objectives are attained in differing laboratories introducing this system will depend ultimately on the acceptability and scope of its overall design.
Portability has been shown by implementing the package on a DEC 11/44, an 11/23 and a Professional 350, the latter running under "Standard Micro MUMPS" supplied by Structured Data Systems. Implementation costs for stand alone systems range between about £9000 for two user system with two printers based on a Professional, and £ 18000 for a five user, three printer system based on an 11/23.
A system running on a DEC 11/23 with a 256 kilobyte memory, twin 10 megabyte disks, three visual display units, two light pens, and two printers was installed at the Blood Bank at Good Hope Hospital, Sutton Coldfield, West Midlands in May 1983. The department handles 8500 patient requests and 8200 donor units annually.
The application software was commissioned in two days and staff training was completed within a week. Use of the equipment has transformed the pattern of work within the department, but all staff have adapted well to the changes and staff acceptability of the equipment has been high.
Considerable time has been saved with many operations. One hundred units may be booked into the system in only three minutes, eliminating a substantial amount of clerical work. Similarly, the dereservation of blood can be performed extremely rapidly, saving up to 90 min a day. Initially, group and crossmatch procedures took much the same time as with the former techniques, but as expertise increased the time taken has now decreased slightly. The worksheet principle is ideally suited to the handling of batches of 10 or more samples, but the need to generate one or more worksheets for a single sample, especially if it is urgent, seems to be unduly time consuming. Modifications to the software to speed up the handling of urgent samples are under review.
A major benefit of the system has been the production of extremely legible report forms and labels, which have been well received by the clinicians. The handling of inquiries has been greatly eased and accelerated by use of the computer, an improvement much appreciated throughout the hospital. The elimination of hand written records with the attendant risks of transcription errors, and the many safeguards within the system, have combined to reduce the possibility of a serious human error. This unseen benefit is one of the most important advantages to be gained from the use of the new equipment. It has not yet been possible to assess the ability of the system to provide records of blood product usage to the Regional Transfusion Centre, but within the hospital department the generation of statistics has been streamlined. It 
